All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

*Pseudomonas aeruginosa* is an aerobic bacterium that inhabits a wide range of environmental niches, from soil to water to human hosts and can metabolize a wide range of nutrients. The ability to live in such a wide range of environments requires that the bacteria rapidly seek out nutrients using a combination of flagellar-driven swimming and chemotactic responses to chemical signals. *P*. *aeruginosa* is thought to have 26 different chemoreceptors (methyl-accepting chemotaxis proteins, MCPs), though the specific molecules these receptors sense have not all been identified \[[@pone.0150109.ref001]\]. Using both capillary tube and agar-growth methods, it has been discovered that different strains of *P*. *aeruginosa* respond to molecules expected to be present in wounds in animals, e.g., amino acids \[[@pone.0150109.ref002],[@pone.0150109.ref003]\], peptides \[[@pone.0150109.ref004]\], inorganic phosphate \[[@pone.0150109.ref005]\], glucose \[[@pone.0150109.ref006]\], and Krebs cycle intermediates \[[@pone.0150109.ref007],[@pone.0150109.ref008]\]. *P*. *aeruginosa* also responds to thiocyanates \[[@pone.0150109.ref009]\], and a variety of aromatic compounds, though the chemotactic responses can be either attractive or repellent depending on the receptor and signaling pathways \[[@pone.0150109.ref010],[@pone.0150109.ref011]\]. When a bacterium's MCP chemosensor binds its selective target, the MCP generates chemotactic signals that are communicated to the flagellum \[[@pone.0150109.ref001]\] *via* a series of chemotaxis intracellular signaling kinases (e.g., CheA and CheY), phosphatases (e.g., CheZ) and other cytosolic regulators and transfer proteins (e.g., CheW and CheB) \[[@pone.0150109.ref012]--[@pone.0150109.ref016]\] that form a phosphotransfer-relay. Ultimately this cascade leads to phosphorylation/dephosphorylation of a component of the flagellar motor (FliM) and change of its activity, either halting rotation (tumbling) or rotating clockwise or counterclockwise. Changes in the concentration of the attractant (or repellent) thereby result in directed swimming towards (or away from) the highest concentration of the attractant (or repellent) \[[@pone.0150109.ref001]\].

*P*. *aeruginosa* is also an opportunistic bacterium that infects human patients with compromised immune systems or burns or with the genetic disease cystic fibrosis (CF). The bacterial and/or host mechanisms involved in the near universal infection of the lungs of CF patients with *P*. *aeruginosa* have not been identified, d Previous studies from this and other labs showed that *P*. *aeruginosa* binding to cultured airway epithelial cells showed that the bacteria bound equally to CF and CFTR-corrected airway epithelia \[[@pone.0150109.ref017]\] and that binding occurred more prominently to the basolateral surfaces of epithelia with high transepithelial resistance and to regions near tight junctions in epithelia with low transepithelial resistance \[[@pone.0150109.ref018],[@pone.0150109.ref019]\]. In addition, results in a previous study \[[@pone.0150109.ref018]\] were consistent with the idea that *P*. *aeruginosa* bound prominently to dead cells along the edges of scratch-induced wounds in lung airway epithelia. Such enhanced binding could have resulted from preferential binding of randomly swimming bacteria to the dead epithelial cells or from the chemotaxis-directed swimming of bacteria to the dead cells followed by nonselective binding.

The original purpose of the present work was to test the role of bacterial chemotaxis in the initial binding of *P*. *aeruginosa* to cultured CF airway epithelia. The hypothesis was that live-cell imaging of airway epithelial cells exposed to GFP-expressing *P*. *aeruginosa* (PAO1-GFP) would identify cells that preferentially attracted the bacteria, and that these sites might be informative about later stages of biofilm formation in CF airway epithelial monolayers. Initial studies showed that PAO1-GFP interacted with and bound only infrequently to epithelial cells in confluent regions of the monolayers. However, these bacteria were clearly attracted to and occasionally became immobilized on cells that had been damaged during preparation of the coverglass-grown cells for observation in the imaging microscope. We therefore expanded the study to measure directed migration and binding of *P*. *aeruginosa* to CF airway epithelial cells that were scratch-wounded in the presence of the bacteria. As far as we can tell, this study is the first to test the role of bacterial chemotaxis to amino acids in directing *P*. *aeruginosa* migration towards and subsequent binding to wounds in epithelia. We chose CFBE41o- cells for these studies because previous work showed they form confluent, polarized monolayers when grown on filters, and CFTR-corrected CFBE41o- cells are also available \[[@pone.0150109.ref020]\] to test the role of CFTR expression in experimental protocols. Though epithelial cells grown on coverglasses may not polarize completely, we used this approach to facilitate microscope imaging experiments.

We also compared the migration of PAO1-GFP to wounds of CF vs CFTR-corrected CF airway epithelia to test the role of CFTR in binding *P*. *aeruginosa* and CF epithelia incubated with acidic (characteristic of CF) or alkaline pH (characteristic of nonCF) \[[@pone.0150109.ref021],[@pone.0150109.ref022]\] to determine whether altered pH affected bacterial chemotaxis or binding.

We then tested the role of bacterial chemotaxis towards wounded epithelial cells by comparing responses of PAO1-GFP with PAO1 that had a *Che1* cluster-deletion (PAO1ΔcheYZABW, no expression of chemotaxis regulatory component genes *cheY*, *cheZ*, *cheA*, *cheB* and *cheW*) \[[@pone.0150109.ref001]\] and PAO1 missing amino acid-sensing receptor genes *pctA*, *pctB and pctC* (PAO1ΔpctABC) \[[@pone.0150109.ref001]\]. Complementary studies tested responses of PAO1-GFP incubated in media that contained high concentrations of amino acids, which we predicted would reduce *P*. *aeruginosa* chemotaxis towards the epithelial wounds by saturating bacterial receptors.

We finally tested whether *P*. *aeruginosa* flagella and pili were involved in migration towards and binding to wounds.

Results {#sec002}
=======

PAO1-GFP migrate rapidly to dying cells in scratch-wounded airway epithelia {#sec003}
---------------------------------------------------------------------------

Results from a typical experiment in which a fura-2-loaded CFBE41o- airway epithelial cell monolayer was incubated in Ringer containing 1 μM PI and 5x10^6^ cfu/ml PAO1-GFP (2 MOI) is shown in [S1 Movie](#pone.0150109.s001){ref-type="supplementary-material"} (Supporting Information) and in individual images from the movie at the times shown in [Fig 1A](#pone.0150109.g001){ref-type="fig"}. Quantitation of the relative numbers of PAO1-GFP, fura-2 in the cells and PI in the nuclei during the experiment are presented in the graph shown in [Fig 1B](#pone.0150109.g001){ref-type="fig"}. At the beginning of the experiment, before wounding, bacteria migrated randomly over the surface of the epithelium, and only a few PAO1-GFP were observed in the microscope field at any one time. This pattern of random bacterial swimming over the surface and little or no immobilization on the epithelial cells of the confluent monolayer was consistently observed in all experiments before wounding, in regions adjacent to a wound and also in nonwounded epithelia for at least 30 mins (n = 5 experiments, not shown).

![Time course of changes in CFBE41o- epithelia and PAO1-GFP following wounding.\
**A.** Images from [S1 Movie](#pone.0150109.s001){ref-type="supplementary-material"} showing overlays of DIC, fura-2 (blue), PI (red nuclei) and PAO1-GFP in control conditions (t = -1 min) and after wounding CFBE41o- cells (t = 2, 5 and 30 min). **B.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in the region of the wound shown by the yellow circle in A under control conditions and then following wounding (arrow). Fluorescence intensities were measured on background-subtracted images and expressed in arbitrary fluorescence units. **C.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in the adjacent non-wound region (white circle in A) under control conditions and then following nearby wounding (arrow). **D.** Average number of PAO1-GFP (normalized to bacteria in field before wounding) in the epithelial wounds (i.e., in regions shown by yellow circles in A) during control conditions (t = 0 min), at peak of bacterial migration to the wound (2--5 mins) and when bacteria returned to random swimming but some remained immobilized on both dead and live cells near the wound (t = 15 mins). Data are avg +/- SD (n = 5 experiments).](pone.0150109.g001){#pone.0150109.g001}

Scratch-wounding the CFBE41o- cell layer with a needle in the field of view caused many PAO1-GFP to swim rapidly towards the wound ("swarming"), usually within 20 sec (images were collected every 20 sec) but always within 1 min ([Fig 1A and 1B](#pone.0150109.g001){ref-type="fig"}, green trace). Swarming of bacteria to the wound became maximal 2--5 mins after the rapid loss of cells in the wound (coincided with large loss of fura-2, blue fluorescence) and followed a time course similar to the uptake of PI by damaged cells immediately adjacent to the wound ([Fig 1A and 1B](#pone.0150109.g001){ref-type="fig"}, green and red traces). The increase in number of PAO1-GFP in the wound likely resulted from migration of bacteria from regions above the plane of focus and from adjacent, nonwounded regions of the epithelium. After the peak of bacterial swarming to the wound at 2--5 mins and over the course of the next 5--10 mins, bacterial accumulation decreased, and they finally swam over the wound at rates like those observed in the controls. Some PAO1-GFP remained immobilized on dead cells along the wound, on nearby intact cells that retained fura-2 and did not take up PI and also to the cell-free region of the glass exposed during wounding ([Fig 1A and 1B](#pone.0150109.g001){ref-type="fig"}, green). *P*. *aeruginosa* migrated similarly to small, round wounds (as opposed to large, linear wounds), showing that the type of wound was unimportant in the increased *P*. *aeruginosa* migration to the wound (data not shown).

There was no change in the number of PAO1-GFP or in the number of dead cells in the nonwounded region adjacent to the damaged cells ([Fig 1C](#pone.0150109.g001){ref-type="fig"}, red and green) over the course of the experiment. However, there was a rapid decrease-then-increase in fura-2 fluorescence (ex 405 nm) in the nonwounded region ([Fig 1C](#pone.0150109.g001){ref-type="fig"}, blue trace). This transient change in fura-2 signal likely resulted from the transient increase-then-decrease in Ca~cyto~ (fura-2 fluorescence during 405 nm excitation increases when Ca~cyto~ decreases and decreases when Ca~cyto~ increases) in nonwounded cells adjacent to the wounded region. Similar transient Ca~cyto~ responses have been observed by others in epithelial cells near to wounds, and this is caused by release of ATP from dead/dying cells and activation of purinergic Ca^2+^ signaling in the nearby cells \[[@pone.0150109.ref023],[@pone.0150109.ref024]\]. The small, relatively slow increase in blue fluorescence observed immediately adjacent to the wound following the wounding may have resulted from slow decreases in Ca~cyto~ in cells around the wound that were occurring following the large increase that occurred during (and was obscured by) the wounding. These changes in Ca~cyto~ indicated that Ca^2+^ signaling in intact cells near wounds may have been activated by ATP released from damaged cells, but this aspect of epithelial function was not investigated further.

A summary of the transient swarming followed by immobilization of PAO1-GFP at the wound regions is shown in [Fig 1D](#pone.0150109.g001){ref-type="fig"}. The variability in the peak swarming (at 2--5 mins) and steady state immobilization (after 15 mins) of PAO1-GFP along the wound may have resulted from unavoidable differences in sizes of the wounds. Resolution of the images was insufficient to determine whether there was selective immobilization of bacteria on dead vs. intact cells vs. denuded regions near the wounds, but comparison of [Fig 1A--1D](#pone.0150109.g001){ref-type="fig"} showed that compared to nonwounded regions, wounding caused both transient swarming of PAO1-GFP to the wound during the first 2--5 mins following wounding and later (15 min) immobilization of bacteria to cells and denuded regions near the wounds. In control experiments continuous 30 min exposure of confluent non-wounded CFBE41o- cells to PAO1-GFP showed no swarming or binding of bacteria (data not shown).

We next tested whether bacteria were attracted to dead or to dying epithelial cells by measuring PAO1-GFP migration to CFBE41o- epithelial cells that had been wounded and allowed to heal for one hr before being exposed to PAO1-GFP. Results from a typical experiment are shown in [S2 Movie](#pone.0150109.s002){ref-type="supplementary-material"} (Supporting Information) and summarized in [Fig 2](#pone.0150109.g002){ref-type="fig"}. PAO1 migrated randomly over the dead (red) cells along the wound ([Fig 2A and 2B](#pone.0150109.g002){ref-type="fig"}, green trace), over the cells in the adjacent nonwounded region, and also over the glass surface that surrounded the islands of epithelial cells ([Fig 2A and 2C](#pone.0150109.g002){ref-type="fig"}, green). After 30 mins there was no apparent specific accumulation of bacteria along the healed wound (nor anywhere else in the field of view). When this same coverslip was then moved to a new region and wounded again in the presence of PAO1-GFP, bacteria transiently swarmed to the new wound, and some bacteria remained immobilized on cells near the new wound ([S3 Movie](#pone.0150109.s003){ref-type="supplementary-material"}, Supporting Information; [Fig 2D and 2E](#pone.0150109.g002){ref-type="fig"}, green, blue and red). Nonwounded regions of the epithelium displayed the characteristic increase-then-decrease in fura-2 fluorescence, but there were only very small changes in bacterial accumulation and no changes in number of dead cells in nonwounded epithelial cells ([Fig 2F](#pone.0150109.g002){ref-type="fig"}, blue, green, red).

![PAO1-GFP migration towards CFBE41o- cells that had been wounded and healed vs. freshly wounded.\
**A.** Images from [S2 Movie](#pone.0150109.s002){ref-type="supplementary-material"} showing a region of CFBE41o- cells incubated in Ringer containing PI that had been wounded and allowed to heal for 1 hr. Images were obtained before adding PAO1-GFP (t = -1 mins) and then after adding bacteria to the solution (t = 2, 5 and 30 mins). Typical of 3 similar experiments. **B.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in and near the wound (yellow circle in A) under control conditions and then following addition of PAO1-GFP (arrow). **C.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in an adjacent non-wounded region (white circle in A) under control conditions and then following wounding (arrow). **D.** Images from [S3 Movie](#pone.0150109.s003){ref-type="supplementary-material"} showing overlays of DIC, fura-2, PI and PAO1-GFP in control conditions (t = -1 min) and then after wounding CFBE41o- cells in the presence of bacteria (t = 2, 5 and 30 min). Typical of 3 similar experiments. **E.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in the wound region (yellow circle in D) under control conditions and then following wounding (arrow). **F.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in the adjacent non-wound region (white circle in D) under control conditions and then following wounding (arrow).](pone.0150109.g002){#pone.0150109.g002}

Data in [S1](#pone.0150109.s001){ref-type="supplementary-material"}--[S3](#pone.0150109.s003){ref-type="supplementary-material"} Movies and Figs [1](#pone.0150109.g001){ref-type="fig"} and [2](#pone.0150109.g002){ref-type="fig"} showed that PAO1-GFP swarmed preferentially to dying, but not to dead, CF airway epithelial cells along wounds, and some bacteria remained immobilized on both live and dead cells and also to denuded regions near the wounds. The 5 and 30 min. time points shown in [Fig 2A](#pone.0150109.g002){ref-type="fig"} (and corresponding [S2 Movie](#pone.0150109.s002){ref-type="supplementary-material"}) also indicate that bacteria were not selectively attracted to the surface of the coverglass, as nonconfluent regions showed a similar distribution of bacteria compared to the wounded or confluent regions.

*P*. *aeruginosa* swarm equally to wounds in CFBE41o- vs CFTR-corrected CFBE41o- cells {#sec004}
--------------------------------------------------------------------------------------

The role of CFTR in the bacterial responses to epithelial wounding was tested by comparing swarming and immobilization of PAO1-GFP to cells and denuded regions near wounds in CFBE41o- ([S4 Movie](#pone.0150109.s004){ref-type="supplementary-material"}) and CFTR-corrected CFBE41o- cell ([S5 Movie](#pone.0150109.s005){ref-type="supplementary-material"}) monolayers. In control conditions, PAO1-GFP (2 MOI) migrated similarly in the Ringer solution above both CF and CFTR-corrected epithelial monolayers---there was minimal apparent immobilization of bacteria to the epithelial monolayers under control conditions. Wounding caused equivalent swarming (t = 2--5 mins) and apparent binding (t = 15 mins) of PAO1-GFP along the wounds ([Fig 3A--3E](#pone.0150109.g003){ref-type="fig"}).

![Similar responses of PAO1-GFP to epithelial wounds in CF vs. CFTR-corrected CFBE41o- cells.\
CFBE41o- and CFTR-corrected CFBE41o- cells were incubated in Ringer containing PAO1-GFP (2 MOI) and then wounded and imaged for 20 mins. **A.** Images from [S4 Movie](#pone.0150109.s004){ref-type="supplementary-material"} showing PAO1-GFP and unlabeled CFBE41o^-^ epithelial cells in control conditions (t = -1 min) and after wounding (yellow triangles) CFBE41o- cells (t = 2, 5 and 15 min). **B.** Images from [S4 Movie](#pone.0150109.s004){ref-type="supplementary-material"} showing PAO1-GFP and unlabeled CFTR-corrected CFBE41o^-^ epithelial cells in control conditions (t = -1 min) and after wounding (wound edge shown by yellow triangles) CFTR-corrected CFBE41o- cells (t = 2, 5 and 15 min). **C.** Quantitation of PAO1-GFP near the wounded CFBE41o^-^ cells (green circle in A) and non-wounded cells (red circle in A) under control conditions and then following wounding (arrow). **D.** Quantitation of PAO1-GFP near the wounded CFBE41o^-^ cells (green circle in B) and non-wounded cells (red circle in B) under control conditions and then following nearby wounding (arrow). **E.** Average number of PAO1-GFP (normalized to bacteria in field before wounding) in the CF and CFTR-corrected epithelial wounds (i.e., in regions shown by green circles in A and B) during control conditions (t = 0 mins), at peak of bacterial migration to the wound (2--5 mins) and after 15 mins. Data are avg +/- SD (n = 3 experiments).](pone.0150109.g003){#pone.0150109.g003}

Bacterial responses to wounding were also compared for CFBE41o- cell monolayers (loaded with BCECF/AM to visualize the cells) incubated in Ringer buffered to pH 6.0 ([S6 Movie](#pone.0150109.s006){ref-type="supplementary-material"}) and pH 8.0 ([S7 Movie](#pone.0150109.s007){ref-type="supplementary-material"}). In control conditions before wounding, PAO1-GFP (2 MOI) migrated similarly above and with no apparent immobilization to CFBE41o- epithelial monolayers ([S6](#pone.0150109.s006){ref-type="supplementary-material"} and [S7](#pone.0150109.s007){ref-type="supplementary-material"} Movies). Wounding caused equivalent swarming of many bacteria to the wound region (t = 2--5 mins) and apparent binding of a few bacteria along the wound (t = 15 mins) ([Fig 4A--4E](#pone.0150109.g004){ref-type="fig"}). As summarized in [Fig 4E](#pone.0150109.g004){ref-type="fig"}, swarming and binding of PAO1-GFP to CFBE41o- wounds was unaffected by Ringer with pH 8 vs. pH 6.

![Similar responses of PAO1-GFP to wounds in CFBE41o- cells incubated in pH 8 vs pH 6 solutions.\
CFBE41o- cells (labeled with BCECF to for visualization) incubated in Ringer buffered to pH 6.0 or pH 8.0 and containing PAO1-GFP (2 MOI) were wounded and imaged. **A.** Images from [S6 Movie](#pone.0150109.s006){ref-type="supplementary-material"} showing PAO1-GFP and epithelial cells bathed in pH 6 Ringer in control conditions (t = -1 min) and after wounding (edge of wound marked by yellow triangles) epithelial cells (t = 2, 5 and 15 min). **B.** Images from [S7 Movie](#pone.0150109.s007){ref-type="supplementary-material"} showing PAO1-GFP and unlabeled epithelial cells bathed in pH 8 in control conditions (t = -1 min) and after wounding (edge of wound marked by yellow triangles) epithelial cells (t = 2, 5 and 15 min). **C.** Quantitation of PAO1-GFP near the wounded CFBE41o^-^ cells (green circle in A) bathed in pH 6 Ringer beginning when wound removed epithelial cells (arrow). **D.** Quantitation of PAO1-GFP near the wounded CFBE41o^-^ cells (green circle in B) bathed in pH 8 Ringer beginning when wound removed epithelial cells (arrow). **E.** Average number of PAO1-GFP (normalized to bacteria in field before wounding) in the epithelial wounds (i.e., in regions shown by green circles in A and B) during control conditions (t = 0 mins), at peak of bacterial migration to the wound (2--5 mins) and after 15 mins for the pH 6 and pH 8 experiments. Data are avg +/- SD (n = 4--5 experiments).](pone.0150109.g004){#pone.0150109.g004}

Bacterial mechanisms involved in migration and binding of *P*. *aeruginosa* to wounded CFBE41o- epithelial cells {#sec005}
----------------------------------------------------------------------------------------------------------------

Experiments similar to those in Figs [1](#pone.0150109.g001){ref-type="fig"}--[4](#pone.0150109.g004){ref-type="fig"} were performed using PAO1 strains that had mutations in genes controlling chemotaxis signaling, amino acid-sensing and motility. We also tested whether high concentrations of amino acids in the Ringer would alter wound-directed swimming of PAO1. Syto11-labelled PAO1ΔcheYZBAW (2 MOI, missing cellular regulators of chemotaxis *cheY*, *cheZ*, *cheB*, *cheA* and *cheW*) moved randomly above the surface of control CFBE41o- monolayers under control conditions, and this pattern remained unchanged following scratch-wounding of the monolayer, even though the wound region of the epithelium showed typical loss of cells in the wound and uptake of PI into cells along the wound ([S8 Movie](#pone.0150109.s008){ref-type="supplementary-material"}; [Fig 5A and 5B](#pone.0150109.g005){ref-type="fig"}). The adjacent nonwounded portion of the CFBE41o- monolayer also showed typical decrease-then-increase in the fura-2 fluorescence (consistent with increase then decrease in Ca~cyto~) but little change in bacterial movements and no increase in dead epithelial cells ([S8 Movie](#pone.0150109.s008){ref-type="supplementary-material"}; [Fig 5A and 5C](#pone.0150109.g005){ref-type="fig"}). As summarized in [Fig 5D](#pone.0150109.g005){ref-type="fig"}, the number of PAO1ΔcheYZBAW in and around the wound remained constant before (t = 0) and then 2--5 mins and 15 mins following wounding.

![PAO1ΔcheYZBAW do not respond to CFBE41o- wounds.\
**A.** Images from [S8 Movie](#pone.0150109.s008){ref-type="supplementary-material"} showing CFBE41o- cells incubated in Ringer containing Syto 11-loaded PAO1ΔcheYZBAW (2 MOI) and PI before (t = -1 min) and at 2, 5 and 30 mins after wounding. **B.** Quantitation of PAO1ΔcheYZBAW (green trace), live epithelial cells (blue) and dead epithelial cells (red) near wound (yellow circle in A) under control conditions and then for 30 mins following wounding (arrow). **C.** Quantitation of PAO1-GFP (green trace), live epithelial cells (blue) and dead epithelial cells (red) in the adjacent non-wound region (white circle in A) under control conditions and then following wounding (arrow). **D.** Average number of PAO1ΔcheYZBAW (normalized to bacteria in field before wounding) at t = 0 mins (before the wound) and at 2--5 mins and 15 mins after wounding. Data are avg +/- SD, n = 4 experiments.](pone.0150109.g005){#pone.0150109.g005}

The role of amino acid-sensing receptors in bacterial swarming to dying epithelial cells was also tested by comparing PAO1-GFP ([S9 Movie](#pone.0150109.s009){ref-type="supplementary-material"}) and PAO1ΔpctABC mutants in amino acid sensing ([S10 Movie](#pone.0150109.s010){ref-type="supplementary-material"}) and by performing wounding experiments with PAO1-GFP in Ringer containing high concentrations of amino acids (tryptone) to compete with any wound-released amino acids that might cause wound-directed swimming of PAO1 ([S11 Movie](#pone.0150109.s011){ref-type="supplementary-material"}). As summarized in [Fig 6A--6G](#pone.0150109.g006){ref-type="fig"} (and compare [S9](#pone.0150109.s009){ref-type="supplementary-material"}--[S11](#pone.0150109.s011){ref-type="supplementary-material"} Movies), swarming (t = 2--5 mins) and binding (t = 15 mins) responses exhibited by PAO1-GFP were greatly reduced in PAO1ΔpctABC (in-frame deletion of genes for the three amino acid receptors, *pctA*, *pctB* and *pctC*) \[[@pone.0150109.ref003],[@pone.0150109.ref025]\] and also when the Ringer solution bathing the monolayers contained high concentrations of amino acids (1% w/v tryptone). None of the individual mutants (PAO1ΔpctA, PAO1ΔpctB or PAO1ΔpctC) showed significant reductions in swarming or immobilization near the wound to scratch-wounding of CFBE41o- monolayers compared to PAO1-GFP (data not shown). These data were consistent with the idea that rapid migration and binding of PAO1 to epithelial cells along wounds involved chemotaxis by the bacteria to multiple amino acids released from damaged cells.

![Role of leaked amino acids in swarming of PAO1 to wounded CFBE41o- cells.\
CFBE41o- cells (labeled with BCECF for visualization) were incubated in Ringer containing PAO1-GFP, with Syto 11-labelled PAO1ΔpctA,B,C or PAO1-GFP+tryptone (1% w/v) (2 MOI). **A.** Images from [S9 Movie](#pone.0150109.s009){ref-type="supplementary-material"} showing PAO1-GFP and epithelial cells in control conditions (t = -1 min) and after wounding (yellow triangles; t = 2, 5 and 15 min). **B.** Images from [S10 Movie](#pone.0150109.s010){ref-type="supplementary-material"} showing PAO1-ΔpctABC and epithelial cells in control conditions (t = -1 min) and after wounding (yellow triangles; t = 2, 5 and 15 min). **C.** Images from [S11 Movie](#pone.0150109.s011){ref-type="supplementary-material"} showing PAO1-GFP and epithelial cells with 1% tryptone in control conditions (t = -1 min) and after wounding (yellow triangles; t = 2, 5 and 15 min). **D.** Quantitation of PAO1-GFP near the wounded CFBE41o^-^ cells (green circle in A). **E.** Quantitation of PAO1-ΔpctABC near the wounded CFBE41o^-^ cells (green circle in B). **F.** Quantitation of PAO1-GFP near the wounded CFBE41o^-^ cells (green circle in C) in the presence of tryptone. **G.** Average numbers of bacteria (PAO1-GFP, PAO1ΔpctABC, and PAO1-GFP + tryptone) near the wound (in green circles, normalized to number before the wound) were measured before (t = 0) and after wounding (t = 2--5 and 15 mins). Avg +/- SD, n = 4--9 for each strain.](pone.0150109.g006){#pone.0150109.g006}

The roles of flagella and pili in swarming to and immobilization near epithelial wounds were also tested by wounding CFBE41o- cell monolayers incubated in Ringer containing one of *P*. *aeruginosa* strains PAK-GFP, PAKΔfliC or PAKΔpilA. In control conditions before wounding, PAK-GFP behaved similarly to PAO1-GFP: bacteria migrated rapidly and randomly over the surface of the epithelium, and few PAK-GFP remained immobilized on the cells of the confluent monolayer (n = 3 experiments, not shown). Wounding the epithelium caused PAK-GFP to swarm and apparently bind to the cells around the wound ([S12 Movie](#pone.0150109.s012){ref-type="supplementary-material"}; [Fig 7A, 7D and 7G](#pone.0150109.g007){ref-type="fig"}), similar to that of PAO1-GFP ([Fig 1](#pone.0150109.g001){ref-type="fig"}). In contrast, PAKΔfliC (stained with Syto 11) moved slowly and randomly in the solution above the CFBE41o- monolayers ([S13 Movie](#pone.0150109.s013){ref-type="supplementary-material"}; [Fig 7B, 7E and 7G](#pone.0150109.g007){ref-type="fig"}) wounding had little effect on either swarming (t = 2--5 mins) or apparent immobilization of the bacteria along the wound (t = 15 mins). PAKΔpilA (stained with Syto 11) swam rapidly and randomly over the surface of the epithelium in control conditions, and they swarmed to wounds similar to PAK-GFP. However, there was reduced association of PAKΔpilA near epithelial wounds after 15 mins ([S14 Movie](#pone.0150109.s014){ref-type="supplementary-material"}, Supporting Information; [Fig 7C, 7F and 7G](#pone.0150109.g007){ref-type="fig"}).

![Altered chemotaxis of PAKΔfliC but not PAKΔpilA to wounds of CFBE41o- cell monolayers.\
CFBE41o- monolayers incubated in Ringer containing *P*. *aeruginosa* strains PAK-GFP, PAKΔflic and PAKΔpilA (2 MOI) were imaged under control conditions and following wounding. **A.** Images from [S12 Movie](#pone.0150109.s012){ref-type="supplementary-material"} showing PAK-GFP and epithelial cells in control conditions (t = -1 min) and after wounding (wound edge shown by yellow triangles; t = 2, 5 and 15 min). **B.** Images from [S13 Movie](#pone.0150109.s013){ref-type="supplementary-material"} showing PAK-ΔfliC and epithelial cells in control conditions (t = -1 min) and after wounding (wound edge shown by yellow triangles; t = 2, 5 and 15 min). **C.** Images from [S14 Movie](#pone.0150109.s014){ref-type="supplementary-material"} showing PAK-ΔpilA and epithelial cells in control conditions (t = -1 min) and after wounding (wound edge shown by yellow triangles; t = 2, 5 and 15 min). **D.** Quantitation of PAK-GFP near wounded CFBE41o^-^ cells (green circle in A) and in a control region (red circle in A). **E.** Quantitation of PAO1-ΔfliC near wounded CFBE41o^-^ cells (green circle in B) and in a control region (red circle in B). **F.** Quantitation of PAK-ΔpilA near wounded CFBE41o^-^ cells (green circle in C) and in a control region (red circle in C) in the presence of tryptone. **G.** Average numbers of bacteria (PAK-GFP, PAK-ΔfliC, and PAK-ΔpilA, normalized to number present before the wound) accumulating near scratch-wounded epithelia at times t = 0, 2--5 and 15 mins. Avg +/- SD, n = 3 for each strain.](pone.0150109.g007){#pone.0150109.g007}

A second set of experiments tested the roles of flagella and pili in PAK binding to cells along epithelial wounds. CFBE41o- cells were incubated for 30 min in Ringer containing either PAK-GFP or Syto 11-labeled PAKΔflic or Syto 11-labeled PAKΔpilA (2 MOI) and then wounded. This procedure was followed by rinsing the cells with Ringer to remove loosely bound bacteria and then returning CFBE41o- cells to the incubator for two hrs before rinsing them again and mounting them in the microscope to identify wounds and bound bacteria. Wounds were identified as regions of the epithelium where cells had been physically scraped away by the action of the needle leaving behind a denuded "scar" in the monolayer that had otherwise confluent regions. As shown for individual images of CFBE41o- cells, PAK-GFP bound to cells along the healing wounds (shown by arrow heads) ([Fig 8A](#pone.0150109.g008){ref-type="fig"}). In contrast, many fewer PAKΔfliC ([Fig 8B](#pone.0150109.g008){ref-type="fig"}) and PAKΔpilA ([Fig 8C](#pone.0150109.g008){ref-type="fig"}) bound along the wound. A summary of the average numbers of *P*. *aeruginosa* bound along wounds of CFBE41o- cells is shown in [Fig 8D](#pone.0150109.g008){ref-type="fig"}.

![Flagella are required for swimming toward, and pili are required for binding of *P*. *aeruginosa* to wounded CFBE41o- cells.\
CFBE41o- monolayers were incubated in Ringer and wounded in the presence of *P*. *aeruginosa* strains PAK-GFP or Syto 11-labeled PAKΔfliC or Syto 11-labeled PAKΔpilA. After 30 mins, cells were rinsed and placed in the incubator for 2 hrs, then rinsed and imaged (DIC and green fluorescence). Yellow arrowheads show path of wound in healing CFBE41o- cells. **A.** PAK-GFP, **B.** PAKΔfliC, **C.** PAKΔpilA, **D.** Average (+/- SD, n = 3) number of bacteria bound along wounds of CFBE41o- cell monolayers.](pone.0150109.g008){#pone.0150109.g008}

Discussion {#sec006}
==========

A major conclusion from this study was that *P*. *aeruginosa* use amino acid receptors pctA, pctB and pctC and che-dependent (cheYZABW) chemotaxis signaling to direct flagella-mediated swimming to airway epithelial cells around wounds. *P*. *aeruginosa* strains PAO1-GFP and PAK-GFP swarmed to wounds beginning within 20 sec following scraping of the epithelial cells and peaked at 2--5 mins. In contrast, *P*. *aeruginosa* exhibited random migration and minimal interaction with the apical surfaces of cells in control monolayers, in intact regions of monolayers that were near wounds and even in wounded epithelia that had been allowed to heal.

Bacterial swarming to the wound was, though, transient---the number of *P*. *aeruginosa* near the wound decreased markedly by 15 mins and remained low for the ensuing duration of experiments (20--35 mins). The few bacteria that remained in the wound appeared to become immobilized. Although swarming of *P*. *aeruginosa* to wounds was unaffected in single mutants PAO1ΔpctA (respond to glutamine but not to 20 other L-amino acids), PAO1ΔpctB (missing receptor for seven amino acids) and PAO1ΔpctC (missing receptor to glycine and glutamate) (data not shown), swarming was largely prevented in the triple mutant PAO1ΔpctABC. Consistent with these results, adding amino acids (as tryptone) to the solution bathing the epithelia reduced chemotaxis of PAO1-GFP to wounds to a similar extent as occurred in control Ringer with the triple mutant PAO1ΔpctABC. We also found very similar rates of chemotaxis of PAO1-GFP in Ringer containing 0 vs. 10 mM glucose or 0 vs. 1 mM ATP (Schwarzer, unpublished), indicating these potential attractants were likely not involved. *P*. *aeruginosa* swarming to CFBE41o- wounds was also unaffected by expressing CFTR or by solutions with pH 6--8.

A likely explanation for swarming of *P*. *aeruginosa* to epithelial wounds was that damaged cells around the wound that leaked fura-2 and took up PI also leaked cytosolic amino acids into the solution, and the bacteria used amino acid receptors and chemotaxis signaling to direct flagellar swimming to the wound. The localized, but transient nature of bacterial swarming to the wound likely resulted from the localized release of amino acids from dying cells followed by equilibration of the leaked cellular amino acids throughout the Ringer solution and loss of the localized high concentration of amino acids. Since *P*. *aeruginosa* swarm similarly to type III secretion-killed macrophages \[[@pone.0150109.ref026]\], swarming of *P*. *aeruginosa* to damaged, leaky cells may be common. Results from our experiments also provide verification of the roles of bacterial chemoreceptors and chemotaxis that have previously been studied using capillary tube and agar plate assays \[[@pone.0150109.ref001]\] and proposed to explain *S*. *typhimurium* swarming to damaged host cells \[[@pone.0150109.ref027]\].

The specificity of the swarming for amino acids described here is the first demonstration that *P*. *aeruginosa* use amino acid receptors and chemotaxis signaling for locating damaged airway epithelial cells. *Helicobacter pylori* use a similar chemotaxis-driven mechanism to locate urea-secreting epithelial cells in the stomach \[[@pone.0150109.ref028]\]. Although the CFBE41o- cells used for the present experiments (and for previous work on macrophages \[[@pone.0150109.ref026]\]) were grown on glass and complete polarization was not assured, there are several reasons for thinking that *P*. *aeruginosa* swarming to wounds observed here will occur similarly for both CF and nonCF airway epithelial cells grown *in vitro* on filters. (i) *P*. *aeruginosa* trigger similar inflammatory responses (NF- κB activation and IL8 secretion) in Calu-3 cells grown on filters and in plastic well plates \[[@pone.0150109.ref017],[@pone.0150109.ref029]\]. (ii) *P*. *aeruginosa* binding to and type III secretion of exotoxins into Calu-3 airway epithelial cell monolayers occurs selectively at basolateral membranes and not at apical membranes in cells grown both as islands and on filters \[[@pone.0150109.ref018],[@pone.0150109.ref030]\]. (iii) Activation of CFTR by forskolin and genistein in 16HBE41o- cells appears to occur similarly whether cells are grown on filters or on plastic in tissue culture well plates \[[@pone.0150109.ref031]\]. (iv) The release of cytosolic amino acids during physical wounding would be expected to occur similarly in polarized and nonpolarized epithelial cells. (v) Although some studies have reported altered inflammatory and apoptotic responses in CF vs nonCF or CFTR-corrected airway epithelia exposed to *P*. *aeruginosa* \[[@pone.0150109.ref032]--[@pone.0150109.ref037]\], *P*. *aeruginosa* swarming and immobilization on CFBE41o- cells was unaffected by CFTR expression and it seems unlikely that release of amino acids from wounded epithelial cells would be affected by the presence or absence of CFTR in the cells.

A second major conclusion from this study is that immobilization and binding of *P*. *aeruginosa* to airway epithelial cells near wounds also required amino acid receptors, chemotaxis signaling and flagella to locate the wound and pili (and perhaps flagella) to bind to cells, likely to (unidentified) sites that had been exposed by the wound. Importantly, immobilization of bacteria along wounds did not occur to wounds that had been allowed to heal for an hour before adding bacteria. The present work showing pilin-dependent binding to CFBE41o- cells was consistent with previous experiments showing pili-dependent binding of *P*. *aeruginosa* to basolateral sites on primary airway epithelia \[[@pone.0150109.ref038]\]. The present experiments extend previous work in showing that pili-dependent binding of *P*. *aeruginosa* to cells along the wounds increased dramatically if bacteria were present and able to swarm to damaged or dying cells during wounding. We propose that *P*. *aeruginosa* swarming to damaged epithelial cells brings the bacteria close to the wounds so that pili can bind to dead and live cells exposed during wounding.

A potential implication of the data in this paper is that injuries to airway epithelial cells (e.g., by toxic chemicals \[[@pone.0150109.ref039]\], cigarette smoke \[[@pone.0150109.ref040]\], particulates \[[@pone.0150109.ref041],[@pone.0150109.ref042]\] or viral infections \[[@pone.0150109.ref043]--[@pone.0150109.ref045]\] may increase susceptibility of the airways to *P*. *aeruginosa* infections. Recent work has shown that epithelial wound healing may be different in cystic fibrosis patients \[[@pone.0150109.ref046],[@pone.0150109.ref047]\], and the presence of *P*. *aeruginosa* in these patients could exacerbate the slow wound healing since bacteria would chemotax to and prevent healing of the wound. Such wounds could also provide nodes for formation of biofilms and ensuing downward spiral of bacterial binding and increased cell damage. Consistent with this idea, Garvis *et al* \[[@pone.0150109.ref048]\] showed that *P*. *aeruginosa* mutant *CheB2* (encodes a methylesterase involved in chemotaxis) exhibited attenuated virulence in both *C*. *elegans* and also in a mouse lung damage model. *P*. *aeruginosa* chemotaxis seems also to be important for the formation of biofilms \[[@pone.0150109.ref049]\].

Materials and Methods {#sec007}
=====================

Reagents {#sec008}
--------

Syto 11, fura-2/AM, BCECF/AM and propidium iodide (all from Molecular Probes---Thermo Fisher Scientific) were dissolved in DMSO, DMSO/20% (w/v) Pluoronic (1:1) or water, respectively at 1 mM concentration. Tryptone was obtained from BD Biosciences. Other reagents and chemicals were obtained from Sigma (St. Louis, MO).

Epithelial cells {#sec009}
----------------

The parent human bronchial CF (CFBE41o-, ΔF508/ΔF508) and CFTR-corrected (CFTR---CFBE41o-) cell lines (originally obtained from Dieter Gruenert, UCSF) were cultured as described previously \[[@pone.0150109.ref020],[@pone.0150109.ref050]\] in either Dulbecco's modified Eagle's (DMEM) or Eagle\'s Minimum Essential (EMEM) media supplemented with 10% FBS, 2mM L-glutamine and 100 units/ml penicillin, and 100 μg/ml streptomycin. For imaging experiments, cells were passaged at a 1:2--1:5 dilution, and the remaining cell suspension was seeded directly onto round 18 mm coverglasses and grown in the bottoms of plastic well plates. Although epithelial cells may not polarize completely when grown on glass, we chose this approach to facilitate both bright field and fluorescence imaging microscopy. Cultures were maintained at 37°C in a humidified atmosphere of 5% CO~2~ and 95% air. As shown previously \[[@pone.0150109.ref020]\], both the parental CFBE41o- and the CFTR-corrected CFBE41o- cell lines maintained an epithelial phenotype and expressed Ca-activated Cl^-^ currents. The CFTR---CFBE41o- clone maintains a high level of transgene expression and forskolin-stimulated Cl^-^ secretion \[[@pone.0150109.ref020]\].

Bacteria {#sec010}
--------

*P*. *aeruginosa* strains PAO1 and PAK were used for these studies. PAO1 expressing GFP (PAO1-GFP) were originally obtained from George O'Toole (Dartmouth) \[[@pone.0150109.ref051]\]; PAK expressing GFP were generated as described previously \[[@pone.0150109.ref052]\]. Isogenic mutants of *P*. *aeruginosa* PAK lacking flagellin or pili (PAKΔfliC and PAKΔpilA) were engineered by in frame deletion of the *fliC* and *pilA* genes from the chromosome as described previously \[[@pone.0150109.ref052]\]. Isogenic mutants of PAO1 lacking genes for the amino acid-sensing receptors *pctA*, *pctB*, *pctC* and all three receptors (PAO1ΔpctA, PAO1ΔpctB, PAO1ΔpctC and PAO1ΔpctABC) and a *Che1* cluster-deletion mutant of PAO1 (PAO1ΔcheYZABW, no expression of chemotaxis regulatory components *cheY*, *cheZ*, *cheA*, *cheB* and *cheW*) were all obtained from Prof. Junichi Kato (Hiroshima University) and have been described previously \[[@pone.0150109.ref003]\].

All bacteria were grown overnight in Lysogeny broth medium at 37°C with vigorous aeration. Prior to experiments, bacteria were washed three times with PBS and were resuspended in Ringer\'s solution (145 mM NaCl, 2 mM KCl, 1.5 mM K~2~HPO~4~, 1 mM MgSO~4~, 10 mM HEPES, 2 mM CaCl~2~ and 10 mM glucose) at a concentration of 5x10^8^ cfu.ml^−1^ (OD~600~ = 0.5). PAO1 and PAK strains not expressing GFP were treated with 10 μM Syto 11 for 30 mins and then washed and resuspended in Ringer at a concentration of 5x10^8^ cfu.ml^−1^. Ringer solution containing Tryptone (1% w/v) was sterile filtered by passing the solution through a 0.2 μm Nalgene Syringe Filter (Thermo Scientific).

Imaging methods {#sec011}
---------------

Epithelial cells were left untreated or were loaded with fura-2 by incubating CFBE41o- or CFTR-corrected CFBE41o- cells in Ringer at room temperature with 5 μM fura-2/AM, BCECF/AM, or no dye for 30 mins followed by rinsing and incubation for another 30 mins to recover from effects of dye loading. The cells were then mounted in the imaging chamber on the stage of an inverted confocal microscope (Nikon T2000 with spinning disk attachment or Zeiss LSM710) that also had DIC capabilities. 500 μl Ringer bathed the surface, and *P*. *aeruginosa* were added to the epithelial cells (5x10^6^ cfu/ml, 2 MOI), followed by 5--30 mins of no further treatments, depending on the experiment. Propidium iodide (1 μM) was included to identify dead epithelial cells as indicated in the figure legends. The imaging microscopes used for these experiments have been described previously \[[@pone.0150109.ref053],[@pone.0150109.ref054]\].

Experiments were begun following the 5--15 min equilibration period by scraping the tip of a \#20 gauge needle across the epithelial surface directly in the field of view using a 20x (0.75 NA) while recording images. Imaging of green *P*. *aeruginosa* (ex: 488 nm; em: 535 nm), blue fura-2 (ex: 405 nm; em: 506 nm) and red PI-stained nuclei (ex: 561 nm; em: 573--681 nm) was performed by focusing the 20x objective approximately 2--5 μm above the epithelial monolayer and collecting green, blue and red images sequentially every 20 secs for times indicated in the text. The 20x objective was chosen to facilitate rapid identification of the wound immediately following the scratch and also to provide a wide field of view for analysis of bacterial chemotaxis and binding to epithelial cells in a large swath of the wounds.

Quantitation of bacterial accumulation along wounded and nonwounded regions of the epithelia {#sec012}
--------------------------------------------------------------------------------------------

For experiments performed with the LSM 710 microscope, the Zen imaging software (Carl Zeiss) was used to outline and then quantitate blue (fura-2, to identify intact cells), red (PI, identify nuclei in dead cells) and green (*P*. *aeruginosa*, either GFP or Syto-labeled) fluorescence in background-subtracted images of regions along wounds and in nonwound/control regions of the epithelia during the 20--30 mins of the experiment. Wounded regions included cells that had been damaged (i.e., leaked fura-2 and accumulated PI in nuclei) and also intact cells (i.e., retained fura-2 and showed no PI in nuclei) and denuded regions (no fura-2 and no PI accumulation). Fluorescence intensities have been plotted on arbitrary scales to show the relative numbers of *P*. *aeruginosa* (green), intact epithelial cells (blue) and dead epithelial cells (red) during control conditions and then during and following wounding. A large decrease in blue (fura-2) fluorescence coincided with the damage or loss of cells that occurred during wounding provided a convenient "time" marker for the initiation of the in the imaging records.

For quantitation of bacteria during imaging with the Nikon T2000 spinning disk microscope green fluorescence intensities were recorded and analyzed with ImageJ software (NIH) using the threshold function to subtract background and the analyze particles function (size = 5^2^ pixel; circularity = 0.00--1.00) to count bacteria-specific fluorescence. The number of bacteria based on green fluorescence was normalized to bacteria recorded at the time of the wound and expressed as "fold change after wound". Data in these experiments excluded regions of cells that had been stained with green BCECF. For [Fig 8C](#pone.0150109.g008){ref-type="fig"} individual cells were directly counted in the fields of view.

Statistics {#sec013}
----------

Quantitative data were presented as averages ± SD, where n = number of different biological samples or experiments. Statistical comparisons between individual treatment groups were done using t-tests for paired or unpaired samples as appropriate; p \< 0.05 was considered statistically significant.

Supporting Information {#sec014}
======================

###### PAO1wt-GFP swim towards CFBE41o- wound.

Fura-2-loaded CFBE41o- cells grown on a coverslip were incubated in Ringer containing PAO1-GFP (2 MOI) and PI while confocal and DIC images were recorded (1 image/20 sec). During control conditions bacteria swam randomly above the surfaces of the epithelial cells. After 5 mins of incubation the epithelium was wounded with a needle, which scraped away a swath of cells. In addition, cells adjacent to the wound leaked fura-2 and took up PI into nuclei (red). PAO1wt-GFP migrated rapidly to the wounded region, followed by a slow return to random migration over the surface during the ensuing 25 mins (total movie = 30 mins). At the end of the experiment, some bacteria remained immobile near wounded cells. Movie typical of \>10 recordings.

(AVI)

###### 

Click here for additional data file.

###### PAO1wt-GFP swim randomly over CFBE41o- epithelia that have been wounded but allowed to heal for one hr.

CFBE41o- cells were wounded, then allowed to heal for one hr in the incubator, followed by adding PAO1wt-GFP (2 MOI) to the wounded-then-healed cells. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1wt-GFP swim towards fresh wound of CFBE41o- epithelia that had been wounded but allowed to heal for one hr.

CFBE41o- cells from [S2 Movie](#pone.0150109.s002){ref-type="supplementary-material"} were moved to a new region for observation and scratch-wounding in the presence of PAO1-GFP. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1-GFP swarm to wounded CF epithelial cells.

CFBE41o- cells incubated in Ringer containing PAO1-GFP (2 MOI) were wounded after 2 mins. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1-GFP swarm to wounded CFTR-corrected epithelial cells.

CFBE41o- cells expressing CFTR and incubated in Ringer containing PAO1-GFP (2 MOI) were wounded after 2 mins. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1-GFP swarm to wounded epithelial cells bathed in pH 6 Ringer.

CFBE41o- cells (stained with BCECF/AM for visualization) were bathed in MES-buffered pH 6 Ringers containing PAO1-GFP (2 MOI) for 4 mins followed by wounding. Results typical of n = 5 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1-GFP swarm to wounded epithelial cells bathed in pH 8 Ringer.

CFBE41o- cells (stained with BCECF/AM for visualization) were bathed in HEPES-buffered pH 8 Ringers containing PAO1-GFP (2 MOI) for 3 mins followed by wounding. Results typical of n = 4 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1ΔcheYZBAW are unaffected by epithelial wounding.

CFBE41o- cells grown on a coverslip and loaded with fura-2 were incubated in Ringer solution containing Syto11-loaded PAO1Δ*cheYZBAW* (2 MOI) and PI while DIC and confocal images were recorded. Wounding the epithelium did not affect swimming of bacteria over the epithelial surface.

(AVI)

###### 

Click here for additional data file.

###### PAO1-GFP swarm to wounded epithelial cells.

CFBE41o- cells (stained with BCECF/AM for visualization) bathed in Ringer containing PAO1-GFP(2 MOI) were wounded after about 2 mins of observation. Results typical of n = 9 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1-ΔpctABC are unaffected by epithelial wounding.

CFBE41o- cells (stained with BCECF/AM for visualization) were bathed in Ringer and wounded in the presence of PAO1-ΔpctABC stained with Syto 11 (2 MOI). Results typical of n = 4 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAO1-GFP incubated in Ringer containing tryptone are unaffected by epithelial wounding.

CFBE41o- cells (stained with BCECF/AM for visualization) bathed in Ringer containing tryptone (1%w/v) and PAO1-GFP (2 MOI) were wounded after 2 mins. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAK-GFP swarm to wounded epithelial cells.

CFBE41o- cells bathed in Ringer containing PAK-GFP (2 MOI) were wounded after 5 mins. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAK-ΔfliC are unaffected by epithelial wounding.

CFBE41o- cells bathed in Ringer containing PAK-ΔfliC (2 MOI) were wounded after 5 mins. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.

###### PAK-ΔpilA swarm to wounded epithelial cells.

CFBE41o- cells bathed in Ringer containing PAK-ΔpilA (2 MOI) were wounded after 5 mins. Results typical of n = 3 experiments.

(AVI)

###### 

Click here for additional data file.
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